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Abstract (Basic): EP 291217 A 

The detection method includes sensing the angular velocity of each 
wheel and a signal is produced in proportion. The four signals are 
processed in a unit which subtracts the sum of the signals from one 
pair of diagonally opposite wheels from the sum of the signals from the 
other pair. 

When the magnitude of the result is between 0.05% and 0.6% of the 
mean of the two sums is sensed to sense when one of the signals is 
different to the average of all four signals by more than 0.1%. In the 
event of both sensed signal factors being present, a warning device is 
operated to indicate a tyre is partially or completely deflated. 
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Abstract (Equivalent): EP 291217 B 

A method of detecting a partially deflated pneumatic tyre on a 
vehicle having four tyres each mounted on a wheel whereby sensing the 
angular velocity of each wheel and producing a signal proportional 
thereto, and processing the four signals in a processor unit which 
subtracts the sum of the signals from one pair of diagonally opposite 
wheels from the sum of the signals from the other pair of diagonally 



opposite wheels, senses when the magnitude of the result is between 
0.05 and 0.60 percent of the reference signal, and operates a warning 
device to indicate a tyre is partially or completely deflated, 
operating said warning device, characterised in that the reference 
signal is the mean of the two sums of the signals from the two pairs of 
diagonally opposite wheels, the method further comprises the steps of 
comparing the signals for each of the four wheels in turn with the 
signals for each of the other wheels, sense when one of said signals is 
different to the average of all four sighals by more than 0.1 percent 
and in the event of both sensed signal factor being present. 
(9pp) 

Abstract (Equivalent): US 4876528 A 

The partially deflated pneumatic tyre detection method senses the 
angular velocity of each wheel and produces a proportional signal. 

The four signals are processed in a processor unit which subtracts 
the sum of the signals from one pair of diagonally opposite wheels from 
the sum of the signals from the other pair of diagonally opposite 
wheels. The magnitude of the result is sensed when it is between 0.05% 
and 0.60% of the mean of the sums. 

The signals are compared for each of the four wheels in turn with 
the signals for each of the other wheels. 

The method also senses when one of the signals is different from 
the average of all four signals by more than 0.1% and in the event of 
both sensed signal factor bring present, operates a warning device to 
indicate a tyre is partially or complete deflated. ADVANTAGE - Utilises 
electronic equipment and signal generating units already fitted to 
vehicle. 
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Description 

This invention relates to a method of detecting a deflated tyre on a vehicle and provides a system 

suitable for cars and truck or the like. . . „, . 

Hitherto deflation warning devices have measured a property of the tyre for example the internal 
pressure or temperature and then transmitted a signal to the vehicle body. The transm.ss.on may be by 
means of a electrical signal through slip rings at the hub or by radio transm.ss,on. Such transm.ss.on 
systems are expensive and notoriously unreliable particularly in the hostile env.ronment of a vehicle wheel 
and bearing in mind the infrequency of tyre failures. „ M j„u^ h 
Theoretically a tyre and especially a tyre with a breaker has a constant, fixed c.rcumference tread which 
travels on each wheel at the same speed with respect to the vehicle frame of reference as the veh.de 
speed on the road. The fixed length circumference means that each wheel rotates at the same angular 
velocity regardless of its deflation in the ground contact zone. However, the inventors have found that a 
radial tyre does rotate with an increased angular velocity when it is deflated. For example rt .s found MMn 
the case of a 13" car radial tyre of the steel reinforced breaker type, a pressure loss of \.Z bar increases 
the rotational speed by 0.27 %. and it is on this discovery that the present invention is based. 

Prior art document FR-A- 2 568 51 9 discloses a method of detecting a partially deflated pneumafc tyre 
on a vehicle having four tyres each mounted on a wheel by sensing the angular velocity of each wheel and 
producing a signal proportional thereto and processing the four signals in a processor unrt which subtracts 
the sum of the signals from one pair of diagonally opposite wheels from the sum of the signals from the 

^Tt Z £2552 oS — to provide a method o, detecting a partial.y deflated tyre which does 
not suffer from the transmission problems of prior art systems and which provides the system at minimum 
costs and maximum reliability fully commensurate with the modern vehicle and which ,n many cases can 
take full advantage of some of the electronic equipment already fitted to the vehicle. 

Accordingly the invention provides a method of detecting a partially deflated pneumatic tyre on a 
vehicle having four tyres each mounted on a wheel by sensing the angular velocity of eac . whee and 
producing a signal proportional thereto and processing the four signals .n a processor unit wh.c ^subtracts 
"he sum of the signals from one pair of diagonally opposite wheels from the sum of the signals from the 
other pair of diagonally opposite wheels, sensing when the magnitude of the resul is between 0.05 A, and 
0 60% of the mean of the two sums of the signals from the two pairs of d.agonally opposrte wheels he 
method further comprises the steps of comparing the signals for each of the four wheels in turn with the 
signals for each of the other wheels, sensing when one of said signals is different to the average of all four 
signals by more than 0.1% and in the event of both sensed signal factors being present operating a warn.ng 
35 device to indicate a tyre is partially or completely deflated. 

More preferably the magnitude of the result is sensed in the range of 0.1 0 /» and 0.30 /.. 
The processing unit preferably repeats the two sensing operations and operates the wam.ng dev.ce 
when at least two successive results each give an indication of a deflated tyre, but ignores results wh.ch are 
not followed by a similar result so that spurious signals are avoided. 

Preferably the processing unit also monitors the lateral acceleration of the veh.cle erther by tak.ng a 
signal from an acceleration sensing unit or by calculating the lateral acceleration by companng the angular 
wheel velocity signals from each of the sides of the vehicle at both the front and rear ^' * 
processing unit determines when the vehicle lateral acceleration may cause a fah* ind.cat.on and -nh.brts 
the warning signal. This depends on the lateral acceleration and the time for which rt .s e»stence. In one 
preferred situln a figure of more than 0.03 g average over a six second period .s the cnfical case but th.s 
is dependent on vehicle load transfer conditions and the particular tyres fitted. 

The processing unit preferably also monitors the vehicle acceleration and decelerafion and inh.brts the 
signals for accelerations which may cause a false signal. In a preferred case this is to inh.b.t the signal . a 
figure of 0.03 g averaged over a period of more than six seconds but agam this depends on load transfer 
so and tyre characteristics for the vehicle concerned. 

In both these cases of acceleration sensed inhibition it is important to note the time factor. In use of a 
vehicle accelerations as low as 0.03 g are only very rarely exceeded for the six second time specified and 
the system is then fully active for more than 95% of driving time. 

To allow for increasing vehicle speed it is usually necessary to increase the sensifivity of the unrt as ti, 
55 speed increases. This may be a continuous increase or a stepwise increase. The process.ng unit may also 
be inhibited when the vehicle brakes are applied. ^^„,. 4 „, 
The angular speed of the wheels of the vehicle may be measured either by a d.g.tal pulse generator 
associated with each wheel or by means of timing the rotation of each wheel. 
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^he'Laratus shown in Fig.1. provides a deflation warning device for a car having four wheels, 1 1 A3 & 

Eii^V™^-^ ------ 

30 " Bv F iav of example a Ford Granada vehicle having pulse generating units at each of its four wheels was 

The counts for time intervals of 6 seconds were totalled for each of the whee.s and then a error signa. 
dF was calculated using the formula, 
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40 d F = ?v<Fl4-F?3)xl00 

( F 1 4 + F 2 3 ) 
where F 1 4 = F 1 ♦ F and F 2 3 = F 2 + F 3 
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The results in the table have been chosen to show the different counts arising from different situations 
on the vehicle as follows: 
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a The first three results show successive six second periods counts for the vehicle with all four wheels 
Inflated to"o bar whilst running straight. As can been seen dF is in a very small range over the three 
periods and a running mean of 0 was obtained. 

b The fourth result shows the condition when the vehicle is decelerated at more than 0.03 g , wnen ne 
unit calculates from the successive counts that g has exceeded the preset value of.03 g and mhibrts the 
calculation of dF so that in effect the unit is switched off. 

c The next result is for the condition where the vehicle is accelerating at more than 0.03 g when again 
the unit inhibits the calculation of dF. 
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d The ma resell shows ft. conrMon .her. ft. lateral accelerate of ft. vehicle It „.«.«, ftan 0.03 , 

,o pressure loss Jj^jj* for comparative purposes results for the same vehicle set up with the right 
h 8 75213 at 50 km pe^our T how that even with a lower count speed the unit is still able to 

M *^:Z S 6 p S a"h 711 St o» the table shows a cornering test again at 120 Km per hour with the 

wmmmmma 

,I9U The actual calculation of the lateral and longitudinal accelerations is carried out by the calculation of the 

CO T;u S ,.ra!ol"o%r: P and vehicle characteristics it is preferred to trigger, manually or otherwise a 
angular velocity of each wheel. 
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In vehicles which travel at high speed th re is also a speed effect on the tyre in that the loss in rolling 
_ lo b. .tared («'. »» chare***, of t» vehicte and tte tyres th.rea.hres are "i^Mird vary 
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Claims 
1. 



20 



25 



A method of detecting a partially deflated pneumatic tyre on a vehicle having four tyres each mounted 
^^^M^^ velocity of each wheel and producing a signal proport.onal thereto 

sums of the signals from the two pairs of diagonally opposite wheels, 

he me hod further comprises the steps of comparing the signals for each of the four wheels , 
wffli *e signals for each of the other wheels, sensing when one of sa.d signals .s d.fferenl : to he 
Xerage ofT four signals by more than 0.1% and in the event of both , sensed signal factors bemg 
present operating a warning device to indicate a tyre is partially or completely deflated. 

2. A method according to claim 1 characterised in that the magnitude of the result is sensed in the range 
30 of 0.10% and 0.30%. 

3. A method according to claim 1 or 2 characterised by the processing unit repeating the two sensing 
derations and operating the warning device when at least two success.ve results each g.ve an 
indication of a tyre subject to pressure loss. 

35 a a method according to any one of claims 1 to 3 characterised by the processing unit also monitoring a 
4 ' V£2£^££* vehicle and inhibiting the warning signal for vehicle lateral accelera- 
tions greater than 0.03 g averaged over a period of 6 seconds or more. 

A method according to claim 4 characterised by the processing unit ^>**"^^ 
acceleration by comparison of the wheel angular velocity signals from s.de to side of the vehicle at both 
ZZT^SrZUs of wheels and the vehicle forward speed calcu.a.ed from the mean of the 
angular velocities. 

of all four whee.s with relation to time and inhibiting the pressure oss 
warning sfcnal iTSS acceleration or deceleration exceeds 0.03 g averaged over a penod of six 
seconds or more. 

7 A method according to any one of claims 1 to 6 characterised by the processing unit monitoring the 
SSSZSZ for high vehicle speeds further decreasing the result and the wheel speed difference 
signals for a pressure loss warning signal to be given, 
a A method according to any one of claims 1 to 7 characterised by the processing unit operation being 
inhibited when the vehicle has its brakes applied. 
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~* „io;r«c 1 tn ft rharacterised by the processing unit measuring the 
calibration request signal correcting for initial differences m roll.ng rad.us. 

10. A method according to any one of claims 1 to 8 chased by the angular velocity of the wheels 
being measured by a digital pulse generator associated with each wheel. 

11 A method according to any one of claims 1 to 8 characterised by the angular velocity of the wheels 
^ measured by a signal generated from the time of rotation of each wheel. 

PatentansprUche 

Reifen teilweise Oder vollstandig luftleer geworden ist. 

Verfahren nach Anspruch 1. dadurch gekennzeichnet, daB die GroBe des Resultats im Bereich von 
0 10% und 0,30% erfaBt wird. 

sperrt. 

tZ£S£^J2£ -s dem Mittelwert der Winke.ge*»windigkeite, 
Verfahren nach einem der AnsprUche 1 bis 5. 

Oberschreitet, gemittelt Uber einen Zeitraum von 6 s oder mehr. 
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8. 



9. 



Verfahren nach einem der AnsprUche 1 bis 7. dadurch gekennzeichnet. daB der Betneb der Bearbei- 
tungseinheit gesperrt wird. wenn die Fahrzeugbremsen angelegt smd. 
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Empfang eines Eich-Anforderungssignals Anfangsdifferenzen des Rollradius ausgleicht. 

10 Verfahren nach einem der Anspruche 1 bis 8, dadurch gekennzeichnet, daB die Winkelgeschwindigkeit 
der Sr durch i jeweils einen jedem Rad zugeordneten Digitalimpuls-Generator gemessen w.rd. 

11 Verfahren nach einem der Anspruche 1 bis 8, dadurch gekennzeichnet, daB die Winkelgeschwindigkeit 
der Sr gemessen wird durch ein Signal, das von der Umdrehungszeit jedes Rades erzeugt wrd. 

Revendlcatlons 

1 Procede de detection de la presence d'un pneumatique partiellement degonfle. sur un vehicule ayant 
au^e pnimatiq^ montes chacun sur une roue, par detection de la vitesse angulare de cheque 
STet SonTun signal qui lui est proportionnel, et par traitement des quatre s.gnaux dans un 
ensemb^ ^ Ttraitement qui soustrait la somme des signaux d'une paire de roues opposes en 
diano^a e de la somme des signaux de I'autre paire de roues opposees en d.agonale, par detection du 
SUTdbiSSl du nfsultat est comprise entre 0.05 % et 60 % de la moyenne des deux 
™s des sZaux des deux paires de roues opposees en diagonale. le procede comprenant en 
oleles SeHuLtes : la comparison des signaux de chacune des quatre roues tour ^ tour aux 
sionaux de chacune des autres roues, la detection du moment ou Pun des s.gnaux est d.fferen de la 
™ n rdes auatre Signaux de plus de 0.1 % et. dans le cas ou les deux facteurs des signaux 

ST^ S^S^ *« *«»-" avertisseur destin6 h indiquer qu ' un pneumatique 

est partiellement ou totalement degonfle. 

2. Procede selon la revendication 1. caracterise en ce que I'amplitude du resultat est detect dans la 
plage comprise entre 0,10 et 0,30 %. 

<l Procede selon la revendication 1 ou 2, caracterise en ce que I'unite de traitement repete les deux 
ooSttonsTt aUrSet commande le dispositif divertissement lorsque deux resuttats success,fs 
St^dS^-Gun une indication du fait qu'un pneumatique presente une perte de press.on. 

4 Procede selon Tune quelconque des revendications 1 a 3, caracterise en ce que I'unit6 de traitement 
conSle au s n signal d'acceleration la.erale du vehicule et inhibe la creation du s-gnal d' averts^ 
ment lorsque raccelLion laterale moyenne du vehicule depasse 0,03 g sur une penode d au mo.ns 6 



s. 



6. 



7. 



; 9. 



Procede selon la revendication 4, caracterise en ce que I'unite de traitement elle-meme calcule 
S£a«ol "aterale par comparison des signaux de vitesse angulaire des roues 
du vehicule, a la fois au niveau des paires avant et arnere de roues, et de la v.tesse davance du 
vehicule, calculee d'apres la moyenne des vitesses angulaires. 

Procede selon I'une quelconque des revendications 1 a 5. caracterise en ce que I'unite de traitement 
cSe .'acSerationet la deceleration du vehicule dans sa direction de deplacement pa, ^con, ole de 
vitesse de variation de la somme des vitesses angulaires des quatre roues au cours du temps et par 
ShSn de la creation du signal d'avertissement de perte de pression lorsque 1'accelerat.on ou la 
deceleration moyenne du vehicule depasse 0.03 g. sur une periode d'au mo.ns 6 s. 

Procede selon I'une quelconque des revendications 1 h 6, caracterise en ce que I'unite de traitement 
cSe Jvitesi du vehicule et. dans le cas de vitesses elevees du vehicule. redurt le ^sultat et les 
signaux de difference de vitesses de roues pour le 5 que.s un signal d'avert.ssement de perte de 
pression est donn6. 

Procede selon I'une quelconque des revendications 1 a 7. caracterise en ce que le fonctionnement de 
i'unite de traitement 'est inhib^ lorsque les freins du vehicule sont serres. 

Procede selon I'une quelconque des revendications 1 a 8, caracterise en ce que I'unite de traitement 
meSre les vitesses angulaires des quatre roues a une vitesse d'etalonnage suture a 20 km*, et 
tors de la reception d'un signal de demande d'etalonnage destine a corriger les drfferences .n.t.ales de 
rayons de roulement. 
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10 Precede selon rune quelconque des revendications 1 a 8, caracterise en ce que la vitesse angulaire 
des roues est mesuree par un generateur numerique d'impulsions assooe a chaque roue. 

11 Precede selon I'une quelconque des revendications 1 a 8. caracterise en ce que la vitesse angulaire 
des roues est mesuree a I'aide d'un signal cree a partir de la duree d'une rotabon de chaque roue. 
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Fig.1 
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